INTRODUCTION

METHODOLOGY
Calculation of indices related to short duration voltage variations
This paper uses a conventional short circuit model to evaluate currents and voltages along the network due to a given fault [1] . Furthermore, it uses the Monte Carlo simulation method to estimate voltage sags and swells in different network points, from some statistical data related mainly to branch failure rates.
The Monte Carlo method allows for the evaluation of indices related to short duration voltage variations (SDVV) as well as long duration interruptions.
SDVV magnitudes can be determined by short circuit calculation, since some specific data is known, namely the network topology and line parameters, power transformer parameters, and protection types and their setting.
SDVV durations are estimated from fault natural extinction times and the operating time of protection devices, that are commonly related to the fault current.
The Monte Carlo method allows for producing some useful reports, related to the statistical SDVV occurrences originated from faults throughout the distribution system.
By determining the number of SDVV events, organized by ranges of duration and magnitude, along the network sites, feeder locations can be displayed with information regarding the risks of SDVVs and interruptions.
Fault simulation
By using the Monte Carlo method, the following parameters are to be determined in a single simulation: a) Fault location in the feeder: the location is determined according to a fault occurrence probability distribution. Different probability distributions are available to be considered, and the diversity of areas can be represented by assuming different failure rates associated to network branches. When the failure rate (failures/km/year) is equal to all network branches the uniform distribution is assumed. b) Fault type: the method considers the following faults: phase to ground, double phase, double phase to ground and three phase. Different probability values are associated to each fault type as shown in figure 1. c) Fault impedances: the method considers a range of fault impedances for phase to phase and phase to ground faults. The fault impedance rages from 0 to a maximum value, according to the fault type, as shown in Table 1 . 20 Ω Double phase to ground (Earth impedance) 20 Ω Double phase to ground (Phase impedance) 10 Ω Single phase to Ground 30 Ω d) Natural extinction time: is as a random variable represented by its range and its probability distribution as shown in Figure  2 . The Monte Carlo method must be executed in a given number of simulations. This parameter can be fixed when the final statistical results do not suffer more significant alterations resulting from an additional number of simulations.
When the natural fault extinction time is higher than the protection time, the latter should be used to determine the event duration. The evaluation of the protection operating time is based on the involved devices, that is, the protection devices on the path in which the fault currents flow. Moreover protection coordination is considered, i.e. in order to determine the event duration, the model considers the protection that operates in shorter time.
When the protection device operates a partial or global interruption in the feeder occurs. This is carefully checked by the model, verifying the status of each network bus against the operated protection devices.
The SDVV indices are computed and stored for each evaluation point, considering multiple network faults. The procedure counts an interruption when a protection device in the upper stream opens and counts a SDVV according to its magnitude and duration. As voltage magnitude regards, the phase bearing minimum voltage is used to compute its value.
SDVV contribution from other neighbouring feeders
Customers are affected by SDVVs caused due to faults not only in the distribution feeder where they are connected, but also in the neighbouring feeders that are supplied by the same distribution substation.
The contribution of these feeders to the SDVV indices can be computed by carrying out independent Monte Carlo simulations. From such simulations, one determines the SDVV effect on the medium voltage bus of the distribution substation. Since pre-fault conditions are not considered in this study, the effects on the busses downstream in the neighbouring feeders are easily computed.
SDVVs originating from the transmission system are not included in this work. However, it is normally accepted that SDVVs in distribution systems are mostly due to faults in this very system.
Planning to improve SDVV indices
SDVV effects are basically related to malfunctioning in customer equipment, what generally causes interruption in productive processes [4] . This concept is here referred as customer disruption. Continuous processes, when disrupted due to voltage sags or swells, usually demand long periods for the starting up procedures.
Disruption occurs when the voltage variation presents a high severity in durations greater that the equipment or process can stand. Each specific piece of equipment or process can be characterized by a tolerance curve, as the one shown in figure  3 . Thus, by reducing the number of SDVV events one will face a reduction in the number of equipment disruptions as well. This paper considers the minimisation of disruptions in customers as an important planning objective. That is, new measures and candidate reinforcements cannot only improve loading, losses, and voltage profiles, but also improve this important power quality index.
This paper does not intend to consider the overall planning model, but instead shows how some planning actions might be prioritised to the improvement of SDVV indices.
In this manner, the ´best planning action´ amongst a set of candidate actions can be derived by a technical and economical analysis that considers the cost of each planning action and corresponding benefits, that can be computed as follows:
where: i:
planning action 
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where: D i : Number of process disruptions considering planning action i
In order to determine the benefit associated with a given planning action i, one should compare it with the initial system, that is without any planning action. The benefit due to the i th planning action is determined by:
where : D 0 : Number of process disruptions without any planning action (original system) B i : Benefit for planning action i It is also useful to consider the cost-benefit analysis. In this case, the following relationship must be introduced:
where: R CBi : cost-benefit relationship for planning action i C i : cost of planning action i V 0 : SDVV costs without any planning action considered.
In some specific studies the best planning action i* amongst n possible actions will be the one that maximizes the benefit, that is, it minimises the disruption costs:
When the cost-benefit analysis is considered one should select the best planning action according to:
CASE STUDY
The proposed methodology is applied to a real distribution network. The power quality indices (disruptions due to SDVV and long duration interruptions) are determined by the presented Monte Carlo simulation method, using a total of 5,000 simulations.
The network selected, shown in figure 4 , for the case study comprises 4,185 busses, 350 protection and switching devices, and 172 km length distributed in 8 distribution feeders. Figures 5 and 6 show the graphic display related to voltage sags and interruptions [3] (different colours are assigned to different ranges of number of SDVV and interruption events). In these figures, the Monte Carlo method was executed for the existing distribution system (no planning action considered). The Monte Carlo simulation method allows the estimation of the number of SDVV and interruption events for the system with each planning action considered, as shown in table 1. By using equation (5) the planning engineer would select the planning action #2 as the best one.
CONCLUSIONS
The results using the Monte Carlo simulation method have proven adherent to the expected results, showing that its implementation is straight-forward and leads to an efficient way to assess power quality indices related to short duration variations and long duration interruptions.
The case study indicated the choice of the planning action #2, as being that results in the best indices considering improvement in disruption and interruption indices. Moreover, all planning action led to improvement in power quality indices shown in quantitative terms.
The planning action #2 was the best one since it reduces the number of events due to neighbouring feeders. SDVV index reduction was approximately 20%.
In situations where only interruptions are considered (in Brazil, only this index is regulated), the best option would be the planning action #3.
